Abstract. The purpose of this study was to develop effective green insulation boards fabricated from polyurethane (PU) reinforced with Kenaf fibres. Biocomposites having three different weight contents (40/60, 50/50 and 60/40 Kenaf / PU weight %) were manufactured. A fourth type was made from 60/40 NaOH-treated Kenaf / PU weight %. The results show that the elastic properties increased with Kenaf fibre content. The optimal performance was observed at a weight of 50% Kenaf fibres. In addition, kenaf fibres treated with NaOH exhibited significantly improved mechanical properties.
Introduction
Human beings have always had a need for protection from their surrounding elements. One of these elements is the changing weather and all the effects that accompany these changes. Thus, many attempts have been made to develop materials that act as thermal insulators. However, some of these materials were found to be hazardous to humans; asbestos is a good example, as several studies on asbestos since the 1970s have demonstrated its detrimental effects on human health.
Many researchers have linked numerous diseases to asbestos exposure. Asbestos fibres released into the air due to damage or deterioration over time become hazardous. When these fibres are inhaled they become trapped in the lung tissue and cause scarring, resulting in several diseases such as Asbestosis, Lung cancer, and Mesothelioma [1] [2] [3] [4] [5] . One hundred twenty-five million people are currently at risk from asbestos, and there are about 90000 asbestos-related deaths globally every year. In the UK alone, 2000 people die annually from asbestos exposure [6] .
The mechanical and environmental friendly properties of Kenaf have led researchers to fabricate many composite materials containing Kenaf as reinforcing fibres. These composites exhibit impressive mechanical, chemical, and physical properties and are also economically attractive. Kenaf was originally considered to be a promising material for fabricating a high-grade printing and writing paper [7] [8] [9] . Nevertheless, Kenaf applications did not stop at the paper industry. Kenaf fibres have begun to generate interest for many industrial applications, especially as an insulation material. Kenaf was mixed with several polymers, such as Urea-Formaldehyde and PhenolFormaldehyde, to successfully fabricate insulators [10, 11] . In addition, kenaf fibre panels can be made to perform at acceptable levels for certain hardboard applications [12, 13] , or can be used in low-density binderless particleboards [14] . In this study insulation boards were made from continuous long kenaf fibres mixed with polyurethane. The flexural properties of these boards were investigated, and Scan Electron Microscopy (SEM) were used to characterize them. 
Development Method.
Materials and kenaf preparation procedures. Raw Kenaf fibres were collected from a kenaf plantation that contained dirt, stalks, and other impurities. Several cleaning steps were applied to the raw kenaf fibres. The kenaf plants were fixed to a board and cleaned by hand using a hairbrush and comb. The combing process separated the kenaf fibres and gave them an individual shape. Afterwards, all the broken and damaged whiskers were pulled from the ply (Fig. 1 ).
Fig. 1 Kenaf ply after combing and cutting.
An alkalization treatment was applied to the kenaf plies using a 6% w\w concentration NaOH solution. The kenaf plies were immersed in the NaOH solution for 3 hours and then rinsed with water. The plies were then allowed to dry at room temperature for 24 hours. Polyurethane was supplied by the AKZO NOBEL Company. The hydrophilic nature of polyurethane makes this polymer attractive for use as a matrix. The hydrophilicity promotes adhesion between the kenaf fibres. Furthermore, the rigid foam made when this polymer solidifies provides the composite with good thermal resistance. Sample preparation. The target density of the samples was 0.8 ± 0.03 gm/ccm. The mixing percentages used were 40%, 50%, and 60% of untreated kenaf to polyurethane by weight. Another sample with 60% treated kenaf was also fabricated. The samples were fabricated using the hot press method; the dried kenaf plies were fixed to the mould using fixing tape, and the fixed length of ply was 2 cm on each side of the mould plate. Each single layer of kenaf ply was measured by hand, laid out on the mould, and fixed on both ply tips. That processes was repeated for three kenaf layers. Between each of the three layers, as well as on the top and bottom of the stack, polyurethane was poured on crossed lines as shown in Fig. 2 . The resulting sample was fabricated from three layers of kenaf fibres and four layers of polyurethane, two between the kenaf layers and two on the outer surfaces. The final step was compaction by pressing the mould and using the hot press to obtain the final shape. The temperature used was 70° C, while the pressure was 50 bars. Under these conditions, the mould was pre-heated for 3 minutes followed by pressing for 20 minutes. Fig. 3 shows the final product after the hot press process.
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Experimental method
Flexural test procedures. Flexural tests are used to measure the flexural strength of a material. This test is required to determine if a board has sufficient strength for a specific application. Three specimens were tested according to the ASTM standard D 790-00. For all tests the length of the support span was 16 (tolerance ± 1) times the depth of the beam (thickness of the specimen). The dimensions of the specimens were 6.00, 18.00, 96.00, and 115.20 for the Thickness (T), Width (W), Support span (SP), and Length (L) respectively, all measured in (mm). In this test, we divided the samples into four groups. The groups were 40% K, 50% K, 60% K, and 60% TK.
Scan Electron Microscopy (SEM).
The broken specimens from the flexural tests were examined using SEM microscopy. The SEM images were taken from the flexure area and from the surface of those specimens. A HITACHI S-3400N Scan Electron Microscope was used to characterize the morphology of the flexure edges. In addition, the internal alignment of the Kenaf fibres and the effect of polyurethane reduction on the adhesion between Kenaf fibres and polyurethane were examined. This test also gives information on the porosity, penetration, and diffusivity of polyurethane between the Kenaf fibres.
Results and Discussion

Flexural Test Results.
Four groups of samples were tested. The groups were 40% K, 50% K, 60% K, and 60% TK. Fig. 4 presents the flexural stress-strain behaviour for all Kenaf reinforced polyurethane bio-composite samples. In this comparison, the 50% K samples possessed the highest flexural stress, while the 60% K sample had the lowest value. The value of the maximum stress was increased from 1.2 MPa to 2.5 MPa after increasing the Kenaf mass from 40% to 50%. In contrast, this value decreased to 0.63 MPa when the Kenaf fibre content was increased to 60%. The treatment performed on the Kenaf fibres significantly enhanced the flexural properties. The maximum flexural strength of the NaOH-treated 60% Kenaf (60% TK) composites was 1.1 MPa. This value is a 42% increase over the non-treated sample having the same percentage Kenaf. Table 1 presents the flexural modulus. The highest value of the flexural modulus obtained was 68.683 MPa at a Kenaf percentage content of 50%. The lowest value of 14.312 MPa was reached for a Kenaf fibre content of 60%. The 60% Kenaf sample exhibited the weakest behaviour due to the insufficient polyurethane content. This lack of polyurethane in the matrix leads to poor adhesive properties between the fibres and the matrix. Moreover, the matrix was not able to hold the fibres during loading, and the ability of the fibres to transfer the load to the matrix was reduced, causing failure earlier than observed for other fibre % contents. The alkaline treatment had a significant impact on the flexural properties. This treatment increased the flexural modulus by about 48.12% over samples that have an equivalent Kenaf fibre content Scan Electron Microscopy (SEM). An SEM was used to examine the fracture surface conditions and morphology of samples broken after a flexural test. Figure 5 shows the morphology of the surface of the samples in the flexure area. The 40% and 50% samples show that the polyurethane diffused and permeated within the Kenaf fibres. Although the viscosity of the polyurethane was high, which could lead to decreased permeation into the Kenaf fibre, the images in Fig. 5 (a) and 5 (b) show a good permeation and diffusion. The high temperature and high pressure used to fabricate the samples enabled the polyurethane to successfully coat the Kenaf fibres. Conversely, the 60% Kenaf samples had insufficient polyurethane content. This lack left the Kenaf fibres in the bulk of the samples with poor matrix wetting as shown in Fig. 5 (c) .
As expected, treatment of the Kenaf fibres with NaOH gives the fibres smooth and clean surfaces. Consequently, the 60% TK samples showed better adhesion between the fibres and the polyurethane as shown in Fig. 5 (d) . Due to the nature of polyurethane (it becomes a foam upon solidification), the voids in the microstructure of the bio-composites are clearly visible. These voids will have negative effects on the mechanical properties; moreover, they will act as defects and will increase the creation and propagation of cracks. These voids can also play a significant role on the thermal resistance; they will act as a barrier for the heat transfer within the composites due to the air captured inside these voids and bubbles. 
Conclusions
-The Kenaf and polyurethane bio-composite board was successfully developed. The mechanical characterization of the samples showed that the flexural properties increased with Kenaf fibre content. The optimal value of the fibre contents was observed at 50% Kenaf fibres. At values below this, the flexural properties decreased due to the weak nature of the polymer. At this value the polymer (matrix) was able withstand the effect of loading. The Kenaf fibres did not act as a barrier to flexure and were sufficiently able to absorb the load effects, and this result was verified via SEM. -The 60% Kenaf samples possessed the lowest flexural behaviour. This behaviour was a result for the poor adhesion between the Kenaf fibres and the matrix (polyurethane). The samples were deflected, and flexure occurred at low load values. -The NaOH treatment on the kenaf fibres significant improved the mechanical properties; this treatment increased the flexural strength. Moreover, this treatment increased the adhesion between the kenaf fibre surface and the polyurethane.
